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Spitting success and accuracy of two congeneric archer fishes Toxotes chatareus and Toxotes 
jaculatrix were studied to determine whether spitting success and accuracy rate varied with height and/ 
or group size. Overall, individuals of both species exhibited greater spitting success rate when alone 
than in a group. Greatest spitting success was observed in T. jaculatrix (29.87%) when alone followed 
by T. chatareus (27.55%), while lowest spitting success (14.88%) was observed for the average of all 
individuals in a group of two T. chatareus and two T. jaculatrix. Based on spitting accuracy categories 
right side high (RH), right side low (RL) and left side high (LH) showed no significant differences among 
the test groups. 
 
Key words: Archer fish, Toxotidae, prey catching, mangrove vegetation. 
 
 
INTRODUCTION 
 
The archer fishes are a family (Toxotidae) of euryhaline 
fish that have the ability to shoot down aerial insects with 
a precisely aimed jet of water (Lüling, 1963). The eyes of 
these fishes remains entirely below the surface during 
positioning and shooting, therefore they have a 
potentially serious optical problem which it must correct 
for, that is, refraction at the air-water interface (Dill, 1977).  
This exciting group of fishes has been the focus of 
several studies investigating various aspects of this 
fascinating hunting technique. Lüling (1958, 1963) 
assumed that archer fish would avoid the refraction of 
light and parallax of sight by squirting nearly vertically. He 
also   described   the    preferable    aiming     angle    and 
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successful shooting distance of Toxotes jaculatrix. 
Timmermans (1975) and Temple (2007) reported that 
Toxotes chatareus can spit from a wide range of angles 
and it varied between 45 and 110o. On the other hand, 
Dill (1977), Timmermans (2001), Timmermans and 
Vossen (2000), Rossel et al. (2002) and Schuster et al. 
(2004) tried to describe how archer fish hit its target 
despite the shift of prey’s image caused by the refraction 
of light at the surface. However, no one has truly 
addressed this issue, and it is still an exciting question.  
T. chatareus and T. jaculatrix are often found in large 
schools in the natural environment and that the spitter 
does not always get the prey because of the aggression 
amongst them (Personal observation of Simon K. D.). 
Archer fishes are opportunistic feeders and consume a 
wide range of prey, including terrestrial insects, shrimps 
and teleosts (Simon and Mazlan, 2008; Simon et al., 
2009; Simon and Mazlan, 2010).  The  growth  pattern  of  
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archer fishes were recently performed by Simon et al. 
(2009) in which it was reported that growth pattern by 
length-weight relationship for the sexes differed, and 
exhibited positive allometric growth (male, female and 
combined sexes of T. chatareus; female and combined 
sexes of T. jaculatrix) and isometric growth (male 
samples of T. jaculatrix only). Studies on morphometric 
and meristic variations and demographic parameters of 
these two species were recently reported by Simon et al. 
(2010a, b). However, no comprehensive study has been 
conducted on the spitting success rate and accuracy of 
archer fishes relative to group size. Previously, everyone 
else works on one or the other and treats them as equals 
but in fact they have not been compared directly.  
Therefore, the objective of the present study was to 
compare the spitting success and accuracy rate of two 
species of archer fishes.  
 
  
MATERIALS AND METHODS 
 
Fish samples and experimental setup 
 
Four specimens two T. chatareus and two T. jaculatrix, ranging in 
size from 7 to 8 cm were obtained from an aquarium store. They 
were kept in a glass tanks (49 × 30 × 30 cm; length × depth × 
height) that were filled with brackish water to a height of 25 cm. 
Water temperature was maintained at 26°C, pH between 6.5 to 7.5 
and NO3 1 to 5 mg/L. Fluorescent lights were on from 8:00 AM to 
10:00 PM. The tanks were aerated except during practice and test 
sessions, when pumps were turned off to ensure a calm water 
surface. Five combinations of the four fish were tested (1 = 1 T. 
jaculatrix; 2 = 1 T. chatareus; 3 = 2 T. jaculatrix; 4 = 2 T. chatareus 
and 5 = 2 T. chatareus and 2 T. jaculatrix). 
For each group, the success per 100 spits was examined at five 
different heights (10, 15, 20, 25 and 30 cm above the water level), 
and live meal worms (2 to 2.5 cm) were used as prey items/targets. 
In the experiments, the fish were fed only once daily, so that they 
were deprived of food for 24 h before practice and test sessions. 
When fish hit the target; small live meal worms were used as 
rewards. Less accurate fish were given enough food to bring their 
total daily ration up to the same as the most accurate fish. Thus, all 
fish were in the same state of hunger at the start of each day’s 
testing session.  
Targets (live meal worms) were offered on a loop of thin, nylon 
monofilament line, 5 cm in length. If the target was hit, it was 
knocked off the loop by the observer and fell into the aquaria. The 
line was tied to a horizontal iron rod which was set into a vertical 
iron rod with height markings (cm), on the edge of the tank, at 
heights with intervals of 5 cm (Figure 1). The observer was seated 
in front of the aquarium and scored the spitting success rate and 
accuracy. A video camera placed at left angle in front of the 
aquarium was used to record each test (Figure 1). The cameras’ 
light source was focused on the target so that its movement 
attracted the fish. The video camera was set to a fixed recording 
time of 30 min in order to avoid larger file sizes.  
On the practice session, targets were offered at a height of 10 cm. 
If a fish squirted down the target within 5 min, during the next day’s 
session the targets were offered 5 cm higher. If the fish did not 
succeed within 5 min, the targets were offered 5 cm lower, but not 
lower than 10 cm. Most of the fishes were able to hit the target at 
pre-selected heights within  5  min  during  the  initial  three  months 
practice session. Consequent to this, the test session commenced. 
During the test session similar target, heights were used and 
targets that were hit and fell into the water were immediately eaten; 
targets that had not been hit were dropped into the water by the 
observer at the end of the 5 min trial. During testing spitting 
success was scored as a direct hit to the target and accuracy which 
did not hit the target were categorized as too high, too low and to 
the right or left side of the target. 
 
 
Statistical analysis 
 
Analysis of variance (ANOVA) was performed on the spitting 
success data and Tukey’s test was carried out to compare the 
means of test groups (1 to 5) and heights (10 to 30 cm) at P < 0.05.  
On the other hand, a multinomial logit model was used to analyze 
the spitting accuracy data. The spitting accuracy were categorized 
as spitting right side high (RH), right side low (RL), left side high 
(LH), and left side low (LL). Since accuracies were polychotomous, 
no unique category can serve as a reference category therefore, 
any of the categories can serve as a baseline or comparison 
category. For each combination of values of group, height of target, 
and accuracy, the dependent variable was the log ratio of the 
probability of a spitting accuracy category compared to the 
probability of the reference category, that is, spitting left and low 
(LL). The log ratio was referred to as odds ratio. All statistical 
analyses were performed using MINITAB version 14 and SPSS 
version 15 software. 
 
 
RESULTS 
 
In general, spitting by individuals within groups (groups 3 
to 5) of two or more appeared more rushed and less 
controlled than spitting by fish kept alone (groups 1 and 
2). Indeed, fish in groups had less time to take the best 
position as they were constantly fighting to take turns 
spitting, consequently spitting was not as accurate. A 
detail description of spitting success (hit the target) and 
accuracy (do not hit the target) are presented in Table 1.  
Table 2 shows that the effect of test groups (1 to 5) and 
heights (10 to 30 cm) were significant (P < 0.05) in 
success of spitting. Although the interaction between test 
groups and heights were not significant (Table 2), the 
interaction plot is presented to show the patterns of 
percent (%) hits for the groups at different heights (Figure 
2). Groups 1 and 2 consistently performed better than 
group 3 and 4 which in turn performed better than group 
5 at all height levels.  
Multiple comparisons of means showed that group 1, 
LSM: 29.87% and group 2, LSM: 27.55%) followed by 
group 3 (LSM: 21.45%) and group 4 (LSM: 19.79%). Test 
group 5 had the lowest spitting success (LSM: 14.88%) 
(Table 3). 
With regards to target height, the success of spitting 
was highest at 10 cm (LSM: 32.10 %) and significantly 
higher than other target heights. Spitting success for 
target heights of 20 and 25 cm were not significantly 
different while spitting success at target height of 30 cm 
was significantly the lowest (Table 3). 
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Figure 1. Schematic view of experimental set up for practice and tests of spitting success and accuracy of 
archer fishes.  
 
 
 
The analysis of spitting accuracy data indicated that the 
goodness-of-fit statistics for fitting the polychotomous 
logit model without the three way interaction of group, 
height, and accuracy fit the model well.  Both  the  G2  and 

2
 values were about 27.0 while the observed 
significance level was 0.99. 
Based on the model, spitting accuracy categories RH, 
RL and LH showed no significant differences  among  the  
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Table 1. Spitting success and spitting accuracy of archer fishes in different heights. 
 
Test groups Replicate Heights (cm) Spitting % success Spitting % accuracy 
RH RL LH LL 
1 
a 10 40 21 21 16 2 
b 10 44 18 16 18 4 
a 15 32 24 20 19 5 
b 15 35 21 22 16 6 
a 20 27 27 25 11 10 
b 20 29 26 20 17 8 
a 25 28 24 22 15 11 
b 25 27 26 20 17 10 
a 30 20 27 26 17 10 
b 30 21 23 24 19 13 
 
2 
a 10 37 21 22 17 3 
b 10 42 20 18 15 5 
a 15 30 24 24 15 7 
b 15 31 23 20 16 10 
a 20 25 22 19 15 19 
b 20 27 25 20 12 16 
a 25 23 27 24 10 16 
b 25 28 25 21 12 14 
a 30 19 23 25 19 14 
b 30 18 24 26 16 16 
 
3 
a 10 29 23 22 19 7 
b 10 30 27 15 20 8 
a 15 26 24 28 15 7 
b 15 27 25 23 17 8 
a 20 20 24 26 16 14 
b 20 21 25 25 17 12 
a 25 17 27 25 17 14 
b 25 19 28 27 15 11 
a 30 14 26 25 18 17 
b 30 15 25 23 19 18 
 
4 
a 10 29 25 23 19 4 
b 10 27 26 17 22 8 
a 15 24 25 24 18 9 
b 15 25 25 20 22 8 
a 20 18 29 25 16 12 
b 20 20 32 23 17 8 
a 25 17 25 24 20 14 
b 25 18 30 20 17 15 
a 30 11 31 25 17 16 
b 30 13 25 23 19 20 
 
5 a 10 25 26 23 20 6 
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Table 1. Contnd. 
 
 
b 10 22 27 24 19 8 
a 15 17 26 27 18 12 
b 15 15 29 24 21 11 
a 20 12 25 28 19 16 
b 20 15 26 29 15 15 
a 25 11 32 28 14 15 
b 25 12 27 26 17 18 
a 30 10 27 29 19 15 
b 30 13 31 23 15 18 
 
Test groups 1: 1 T .jaculatrix, 2: 1 T. chatareus, 3: 2 T. jaculatrix, 4: 2 Toxotes chatareus, 5: 2 T. chatareus and 2 T. jaculatrix. RH: 
Right side high, RL: Right side low, LH: Left side high, LL: Left side low.  
 
 
 
Table 2. Analysis of variance on spitting success (%) for groups and heights. 
 
Source DF SS MS F 
Groups 4 1483.6 370.9 131.52* 
Heights 4 1697.6 424.4 150.5* 
Groups × heights 16 104.8 6.55 2.32 
Error 25 70.5 2.82  
Total 49 3356.5   
 
r2 = 97.9% r2 (adj) = 95.88% 
  
 
* Significant difference at P < 0.01. DF: Degree of freedom; SS: Sum of squares; MS: Mean squares; F: F-test  
 
 
 
Table 3. Least square means (LSM %) for groups and heights on spitting success. 
 
Effect LSM% 
Groups 
1 (1 T. jaculatrix) 29.87a 
2 (1 T. chatareus) 27.55a 
3 (2 T. jaculatrix) 21.45b 
4 (2 T. chatareus) 19.79b 
5 (2 T. jaculatrix and 2 T. chatareus) 14.88c 
 
Heights (cm) 
10 32.1036a 
15 25.8166b 
20 21.0497c 
25 19.5364c 
30 15.1788d 
 
a,b,c,d
 different letters indicate significant difference at P  <  0.05. 
 
 
 
test groups. For instance, test group 1 was 1.23 times 
more likely to spit RH than LL compared to group 5 
(Table 4). However, parameter estimates () for group 1 
as well as for other groups (2 to 5) were not significantly 
different from zero (Table 4).  
The  effects   of   target   height   on   spitting   accuracy  
categories indicated that the odds of shooting RH, RL and 
LH was about 1.5 to 2.7 times higher than LL for heights 
10 and 15 cm compared to heights of 30 cm. However, at 
heights of 20 and 25 cm, the spitting accuracy categories 
were not significantly different compared to at 30 cm 
(Table 4). 
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Figure 2.   Plot of % hits (spitting success) for groups at different heights. Groups 1: 1 T. jaculatrix, 2: 1 T. jaculatrix, 
3: 2 T. jaculatrix, 4: 2 T. chatareus, 5: 2 T. chatareus and 2 T. jaculatrix.   
 
 
 
DISCUSSION 
 
With regards to success of spitting, test groups 1 and 2 
scored higher than test groups 3 to 5. 
The highest spitting success recorded in the present 
study (ca 30%) was found to be lower in compassion with 
previous study (56%) (Timmermans and Vossen, 2000) 
which probably attributed to experiment set up. Lüling 
(1958, 1963) suggested that by spitting nearly vertically 
archerfish would, for the greater part, solve the refraction 
problem. However, Timmermans (1975, 2000), 
Timmermans and Vossen (2000), Temple (2007) docu-
mented that archer fishes used a wide range of elevation 
angles (45 to 110o). They also reported that shooting 
success was not significantly different at elevation angles 
other than 90o. In the present study, relatively greater 
spitting success rate in T. jaculatrix in both group and 
individually might be the reason as described by Lüling 
(1958, 1963, 1964, 1969) (that is, T. jaculatrix can solve 
refraction problems squirting nearly vertically).  
The present study shows that target height also 
affected the shooting success. At the height of 10 cm, the 
shooting success was higher in all groups. Accuracy that 
was observed at the height of 10 cm, could possibly be 
explained by the fishes’ intention to jump evoked by the 
low target, and by the fact that jumps are about vertical. 
Archer fishes have been observed to jump at targets as 
low as  about   one  body  length  (Lüling,  1958;   Verwey,  
1928). In the present study, jumps were seldom observed 
and were not considered in the analysis. 
Lüling (1958) suggested that the correct angle of 
elevation is easier to achieve than the correct angle in the 
horizontal plane (that is, right left). However, in the 
present study, no differences were observed in term of 
direction (right or left) and distance (low or high) for 
spiting whereas for heights at 10 and 15 cm the fish were 
more inclined to spit RH, RL, and LH compared to other 
heights.  
In the current study, the video footage enabled to 
measure spitting success and accuracy. There were no 
differences between the groups and individuals with 
respect to the position from where spitting took place 
(distance from the target’s perpendicular), and with 
respect to the spitting angle (because the set up allowed 
them to spit only over a very narrow range of angles).  
The findings also illustrate that the two species of 
archer fishes (T. chatareus and T. jaculatrix) did not 
follow any patterns in spitting to knock down their preys 
from outside water environment. These findings 
suggested that individual specimens kept alone of both 
species are more successful at hitting targets at any 
height compared to individuals in groups. 
In conclusion, the present study has considerably 
examined for the first time the spitting performance of two 
closely related archer fishes (T. chatareus and T. 
jaculatrix) in  groups  and  individually  at  different  target 
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Table 4. Parameter estimate,  and estimated odds (e) of the logit model on spitting accuracy.  
 
Test groups Accuracy category 
RH RL LH LL 
1 0.209 (1.23) 0.170 (1.19) 0.296 (1.34) 0 (1) 
2 -0.195 (0.82) -0.305 (0.74) -0.210 (0.81) 0 (1) 
3 -0.091 (0.91) -0.097 (0.91) -0.028 (0.97) 0 (1) 
4 0.000 (1) -0.144 (0.87) 0.068 (1.07) 0 (1) 
5 0 (1) 0 (1) 0 (1) 0 (1) 
 
Heights (cm) 
10 0.836* (2.31) 0.733 * (2.08) 0.989  (2.69) 0 (1) 
15 0.504* (1.66) 0.403* (1.50) 0.562* (1.75) 0 (1) 
20 0.119 (1.13) 0.084* (1.09) -0.015 (0.99) 0 (1) 
25 0.173 (1.18) 0.088 (1.09) -0.006 (0.99) 0 (1) 
30 0 (1) 0 (1) 0 (1) 0 (1) 
 
*Parameter estimates are significantly different from 0 (zero). RH: Right side high, RL: Right side low, LH: Left side high, LL: 
Left side low.  
 
 
 
heights. These findings would be useful for fisheries and 
conservation biologists in order to comprehend the 
feeding behaviour of these fascinating fishes in the wild. 
 
 
ACKNOWLEDGEMENTS 
 
This study was funded by the Ministry of Science, 
Technology and Innovation, Malaysia (MOSTI) through 
Universiti Kebangsaan Malaysia (UKM) Science Fund 
grant # 04-01-02-SF0124, UKM research grant #. UKM-
FST-OUP-2011, and Post Doctoral Fellowship scheme 
“HCD (STI) MOSTI” to the first author. The authors would 
like to express their heartiest thanks to Rabi’a Ryklief at 
the Nelson Mandela Metropolitan University in data 
collection during her attachment in UKM and Ayu at the 
Universiti Kebangsaan Malaysia for her valuable 
assistance in taking care of the animals throughout the 
study. We sincerely thank two anonymous referees for 
their useful comments. 
 
 
REFERENCES 
 
Dill LM (1977). Refraction and the spitting behavior of the archer fish 
(Toxotes chatareus). Behav. Ecol. Sociobiol., 2: 169-184. 
Lüling KH (1958). Morphologisch-anatomische und histologische 
Untersuchungen am Auge des Schützenfisches Toxotes jaculatrix 
(Pallas 1766) (Toxotidae), nebst Bemerkungen zum Spuckgehaben. 
Z. Morphol. Ökol. Tiere., 47: 529-610.  
Lüling KH (1963). The archerfish. Sci. Am., 209: 100-129. 
Lüling KH (1964). The archer fish. Sci. Am., 209: 100-108. 
Lüling KH (1969). Spitting at prey by Toxotes jaculatrix and Colisa lalia. 
Bonn. Zool. Beiträge., 20: 416-422. 
Rossel S, Corlija J, Schuster S (2002). Predicting three dimensional 
target motion: How archer fish determine where to catch their 
dislodged prey. J. Exp. Biol., 205: 3321-3326. 
Schuster S, Rossel S, Schmidtmann A, Jäger A, Poralla J (2004). 
Archer fish learn to compensate for complex optical distortions to 
determine the absolute size of their aerial prey. Curr. Biol., 14: 1565-
1568. 
Simon KD, Bakar Y, Samat A, Zaidi CC, Aziz A, Mazlan AG (2009). 
Population growth, trophic level, and reproductive biology of two 
congeneric archer fishes (Toxotes chatareus, Hamilton 1822 and 
Toxotes jaculatrix, Pallas 1767) inhabiting Malaysian coastal waters. 
J. Zhejiang. Univ. Sci., B 10(12): 902-911. 
Simon KD, Bakar Y, Temple SE, Mazlan AG (2010a). Morphometric 
and meristic variation in two congeneric archer fish species (Toxotes 
chatareus, Hamilton 1822 and Toxotes jaculatrix, Pallas 1767) 
inhabiting Malaysian coastal waters. J. Zhejiang. Univ. Sci. B., 
11(11): 871-879. 
Simon KD, Mazlan AG (2008). Trophodynamic analysis of archer fishes 
(Toxotes chatareus and Toxotes jaculatrix). In Proceedings of the 
IOC/WESTPAC 7th international scientific symposium 21-25 May 
2008, The Magellan Sutera, Sutera Harbour Resort, p. 219, Kota 
Kinabalu, Sabah, Malaysia. 
Simon KD, Mazlan AG (2010). Trophic position of archerfish species 
(Toxotes chatareus and Toxotes jaculatrix) in the Malaysian estuaries. 
J. Appl. Ichthyol., 26(1): 84-88.  
Simon KD, Mazlan AG, Samat A, Zaidi CC, Aziz A (2010b). Size, 
growth, and age of two congeneric archer fishes (Toxotes jaculatrix 
Pallas 1767 and Toxotes chatareus Hamilton, 1822) Inhibiting 
Malaysian Coastal Waters. Sains Malaysiana, 39(5): 697-704. 
Temple SE (2007). Effect of salinity on the refractive index of water: 
consideration for archer fish aerial vision. J. Fish Biol., 70: 1626-1629. 
Timmermans PJA (1975). The prey catching behaviour of the archerfish 
Toxotes. Neth. J. Zool., 25: 381. 
Timmermans PJA (2000). Prey catching in the archerfish: 
marksmanship and endurance of squirting at an aerial target. Neth. J. 
Zool., 50: 411-23. 
Timmermans PJA (2001). Prey catching in the archerfish: angles and 
probability of hitting an aerial target. Behav. Processes., 55: 93-105. 
Timmermans PJA, Vossen JHM (2000). Prey catching in the archerfish: 
does the fish use a learned correction for refraction? Behav. 
Processes., 52: 21-34. 
Verwey J (1928). Iets over de voedingswijze van Toxotes jaculator. De 
Trop. Nat., 17: 162-166. 
